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The experimental program presented in this paper explores a passive acoustic 
baseball bat swing speed measurement technique to aid in product development and 
certification and to gauge player performance.  The collection of experimental 
information is performed in two facilities—a swing/hit facility and a wind tunnel facility.  
The data acquired are pressures and velocities in the vicinity of the bat.  Potential flow 
theory is utilized to better understand the signals generated in the experimental collection 
of data and to determine the fundamental relations applicable to the subsequent flow field 
produced by a moving bat.  The measured flow resembles potential flow but with a 
distortion due to bat acceleration.  The theoretical and experimental results are compared, 
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The late Ted Williams, a member of the Major League Baseball Hall of Fame, 
said on many occasions that hitting a baseball is the toughest thing to do in sports.  His 
views are easily understood when one considers that a hitter must see and hit the ball in 
less than one-half of a second.  Due to Williams’ prowess at the plate throughout his 
career, his hitting philosophy is widely considered the “handbook” on hitting a baseball.  
Williams’ views greatly reflect the importance of swing speed.  In his book, The Science 
of Hitting1, he states that in order to be a good hitter one must “get a good pitch to hit” 
and be “quick with the bat.” 
The measurement of baseball bat swing speed is a complex problem that has been 
studied by many investigators over a wide range of conditions.  Much of the motivation 
for such sustained interest in swing speed stems from safety concerns and limitations 
placed on athletes and equipment manufacturers by the governing bodies of baseball.  
The goal of bat manufacturers is to develop and market bats that will enable players to 
perform at the highest level physically possible, but those bats must also meet the 
certification requirements set forth by the governing bodies of baseball on various levels.  
Many studies of this phenomenon rely on active measurement techniques, such as 




of RADAR (Radio Detection and Ranging).  Clutter2 and Davis3 have compiled 
comprehensive reviews of experimental swing speed measurement results. 
The present study is designed to facilitate accurate, non-invasive measurements of 
baseball swing speeds, which are aimed to aid in product development and certification 
and to gauge player performance.  Passive techniques for the measurement of swing 
speed are needed to insure accurate results.  These passive techniques reduce health and 
safety concerns for the participants.  They will also allow the observed phenomena to go 
on uninterrupted.  Observers can potentially make measurements far away from the 
phenomena, thus making the measurements less noticeable to participants and bystanders. 
To date, few passive techniques have been developed for the measurement of the 
velocity of a moving body in a fluid.  Dillard4 utilized acoustic sensors to determine the 
speed of a hit baseball.  The voltage signals generated by the motion of the bat through 
stagnant air in his experiments led to the belief that passive swing speed measurements 
are indeed possible with the use of acoustic sensing.  The amplitudes of the signals in the 
Dillard study were observed to rise as the bat approached the acoustic sensor, rapidly 
decrease while the bat was in the vicinity of the sensor, and return to their initial state 
once the bat had crossed the sensor.  The need for passive swing speed measurement 
techniques has become greatly heightened with the advent of high performance baseball 
bats and enhanced athletic performance.  The experimental program described in this 
paper explores passive swing speed measurement techniques.   
 Pressure measurements collected in the inviscid region of the flow field generated 




observed by Dillard.  The flow in the inviscid region is a result of the cylinder itself and 
the turbulent wake created by the cylinder.  The present study utilizes theoretical 
techniques to model the inviscid flow field generated by the motion of a baseball bat 
through motionless air. 
 








 The collection of experimental information is performed in two facilities—a 
swing/hit facility and a wind tunnel facility.  The swing/hit facility provides an artificial 
setting for the monitoring of the flow field generated by the motion of a baseball bat 
through motionless air.  The wind tunnel is utilized to observe the flow field produced by 
the movement of air over a stationary baseball bat.  The results from each experimental 
facility are tabulated and graphics are created. 
 
2.1 Swing/Hit Facility 
The swing/hit facility (Figures 2.1.1 and 2.1.2) is used to measure the 
performance of a ball player in a laboratory setting.  During swing/hit facility 
experiments, the participant swings a bat above a batting tee.  The top of the batting tee 
serves as a target for the participant and as a reference position for the prescribed impact 
zone.  The measured variables include the bat speed immediately prior to crossing the 
vertical plane of the target and the acoustic voltage signals produced by the motion of the 
bat at various locations prior to reaching the prescribed impact zone.  The physical 
arrangements of the facility include an arrangement for the purpose of flow field data 
collection inboard of the large end of the bat and an arrangement for collecting flow field 
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data at locations immediately outboard of the large end of the bat.  Each arrangement is 
composed of a pair of focusable red laser diode modules that shine on corresponding 
semiconductor-based photo detectors and a varying number of electret condenser 
microphones.  Complete specifications on the lasers, photo detectors, and microphones 
are in Appendix E. 
 
 
Figure 2.1.1 Swing/Hit facility (isometric view). 
 




Figure 2.1.2 Swing/Hit facility. 
 
 
2.1.1 Inboard Flow Field Facility Arrangement and Data Collection 
The physical setup of the swing/hit facility for monitoring the inboard flow field 
produced by the motion of the bat is illustrated in Figure 2.1.3. Two parallel vertically 
positioned lasers are placed just upswing of the impact zone.  These lasers shine 
downward on two corresponding vertically upward positioned photo detectors.  The 
laser/detector pairs are used to determine the bat speed.  Two vertically upward sited 
condenser microphones are placed alongside the photo detectors as illustrated in Figure 
2.1.4.  These microphones are used to monitor the flow field generated by the bat 
approximately three inches inboard from the large end of the bat. 








Figure 2.1.4 Schematic of inboard flow facility arrangement. 
 
 
The bat speed measurements and acoustic signals are collected and processed 
using a LABVIEW data acquisition program.  The collection and processing of the 
measured variables is as follows: 
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1. The computer program is initiated and begins monitoring the photo detectors 
and condenser microphones for a specified length of time (usually 2 to 4 
seconds), allowing the participant to complete one swing. 
2. The participant begins to swing. 
3. Prior to reaching the impact zone the bat passes over all photo detectors and 
microphones. 
4. The computer program 
a. Collects data at a rate of 20,000 samples per second for the specified 
length of time. 
b. Processes the data to determine the time of flight between the two 
laser/detector sets. 
c. Calculates the bat speed using the previously determined time and the 
known distance between the laser/detector sets. 
d. Collects the voltage signal for each acoustic sensor for a specified 
number of samples before and after crossing the first laser/detector 
pair encountered. 
5. The bat speed measurements and acoustic voltage signals are recorded to a file 
for data manipulation. 
 
2.1.2 Outboard Flow Field Facility Arrangement and Data Collection 
The facility arrangement for the collection of outboard flow field information is 
depicted in Figures 2.1.5 and 2.1.6.  An array of four condenser microphones is added to 
the inboard flow field arrangement described in the previous section.  This array of 
sensors is used to monitor the flow field at approximately two inches beyond the large 
end of the bat. The array is sited vertically upward just upswing of the impact zone and 
perpendicular to the flight path of the bat. 




Figure 2.1.5 Close-up of outboard flow facility arrangement (hitter view). 
 




Figure 2.1.6 Schematic of outboard flow facility arrangement. 
 
 
The bat speed measurements and acoustic signals are collected and processed 
using a LABVIEW data acquisition program similar to the one described in the previous 
section.  The program requires minor modifications, which entail monitoring the 
additional array of microphones.  Collecting and processing outboard flow field 
information follows the steps outlined in the previous section. 
 
2.2 Wind Tunnel Facility 
 The wind tunnel experiments were performed to allow for a better understanding 
of the condenser microphone data signal.  The flow field observations were performed in 
the subsonic wind tunnel housed in Patterson Hall on the campus of Mississippi State 
University.  Flow field measurements were taken at positions along the span of the bat 
A
B
C D E F 
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ranging from 28 to 36 inches outboard of the knob of the bat.  At each spanwise position, 
measurements were collected at streamwise positions ranging from 10.5 in. upstream to 
10.5 in. downstream of the centerline of the bat.  The desired operational speed of the 
wind tunnel was dictated by the average measured swing performance of the swing/hit 
facility participants.  A wind tunnel speed of 110 fps (or 75 mph) was deemed necessary 
to match the average swing speed of the participants.   
 
2.2.1 Wind Tunnel Specifications 
 The wind tunnel is a low speed, closed-circuit, single return type powered by a 
75-hp, 440-volt, 3-phase electric motor, which supplies a four blade, constant speed, 
variable pitch propeller at 1200 rpm.  The test section (Figures 2.2.1 through 2.2.4) is 
roughly octagonal in shape with a length of nearly 5 ft, a width of approximately 4 ft, and 
a height of about 3 ft.  The tunnel velocity is monitored through the dynamic pressure, 
which is obtained by way of two static pressure ports—one located near the tunnel 
stagnation chamber and the other located at the test section inlet.  The difference in these 
ports is measured with a Pace Model CP51DR variable reluctance transducer with DC 
output and a range of 0.5 psid. 
 




Figure 2.2.1 Wind tunnel test section with baseball bat mounted. 
 




Figure 2.2.2 Upstream view inside test section. 
 




Figure 2.2.3 Downstream view inside test section. 
 




Figure 2.2.4 Close-up view of bat support. 
 
 
2.2.2 Flow Field Measurements 
  The flow field properties were monitored utilizing a LABVIEW data acquisition 
program, a pitot-static probe, and a Validyne Model P305D 0.125-psid pressure 
transducer (Figure 2.2.5).  A standard pitot-static probe was used to determine the flow 
field properties.  The probe has a diameter of 0.125 inches.  Four static ports surround the 
stagnation port at 90-degree intervals starting from the upper surface of the probe.  The 
probe extended through a slot in the roof of the wind tunnel test section.  The probe was 
attached to a traverse system to allow for streamwise movement.  The stagnation port was 
connected to the positive port of the transducer, and the static port was connected to the 
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negative port.  The excitation voltage of the transducer was supplied by a 24V power 
supply.  The transducer was calibrated using a standard inclined liquid manometer and a 
digital multimeter.  A partial vacuum was applied to the stagnation port of the probe and 
the liquid manometer.  Each manometer reading and corresponding output voltage from 
the transducer was recorded and plotted.  A linear regression was performed and the 
calibration slope of the transducer was determined to be 3.652 psf per volt.  Collecting 
and processing of the flow field measurements proceeded as follows: 
 
1. The bat spanwise location of interest was positioned two inches below the 
pitot-static probe. 
2. The wind tunnel was started and propeller pitch was increased manually until 
the desired speed was reached. 
3. The computer program was initiated and began monitoring the wind tunnel 
and 0.125-psid transducers, which were used to determine the wind tunnel 
dynamic pressure and the dynamic pressure from the pitot-static probe, 
respectively. 
4. The computer program 
a. Collected data at a rate of 1000 samples per second for the specified 
length of time (usually 3 seconds) at each streamwise location for the 
desired spanwise location. 
b. Engaged the traverse to move the probe to a streamwise location 10.5 
in. upstream of the centerline of the bat and collects data. 
c. Engaged the traverse to relocate the probe 0.5 in. downstream. 
d. Processed the voltage signal for each transducer in order to output a 
pressure reading. 
e. Continued to repeat the previous two steps until the streamwise 
location of 10.5 in. downstream of the centerline of the bat is reached. 
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Figure 2.2.5 Validyne Model P305D 0.125-psid pressure transducer. 
 
 
Pressure measurements were also made along a streamwise range identical to that 
of the dynamic pressure measurements previously outlined.  These pressure 
measurements were performed using a liquid manometer.  The experiments followed 
procedure similar to the one outlined above. 
 
1. The bat spanwise location of interest was positioned two inches below the 
pitot-static probe. 
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2. The wind tunnel was started and propeller pitch was increased manually until 
the desired speed was reached. 
3. The computer program described above was used to position the probe at the 
desired streamwise location. 
4. The stagnation and dynamic pressures were determined from the manometer 
and recorded. 
5. Steps 4 and 5 were repeated until stagnation and dynamic pressures were 
gathered for all desired streamwise locations. 
 
2.3 Experimental Results 
 The two previous sections outline the experimental procedures utilized in each 
facility.  The findings of those previously discussed experimental procedures are 
presented below.  
Figure 2.3.1 are voltage signals representative of those obtained using the inboard 
flow field facility arrangement.  As the bat approaches the condenser microphone, a 
definite rise in voltage is observed.  The voltage dramatically decreases immediately 
prior to the bat reaching the microphone.  This steep decrease in voltage continues while 
the bat is directly above the microphone.  Sometime after the bat clears the surface of the 
microphone, the voltage once again increases to just over zero. 
 


















mic A mic B
 
Figure 2.3.1 Inboard arrangement condenser microphone voltage signals. 
 
 
 Illustrated below in Figure 2.3.2 are voltage signals representative of those 
obtained using the outboard flow field facility arrangement.  The signal pattern is similar 
to those of the inboard flow field facility arrangement.  The voltage rises as the bat 
approaches the microphones, then rapidly decreases while the bat is over the 
microphones, and finally increases once the bat has cleared the microphones.  The 
location of each microphone is depicted in Figure 2.1.6.  As the distance from the target 
is increased, the peak-to-peak amplitude of the signal is decreased indicating that the 
pressure field due the motion of the bat becomes increasingly weaker.  This phenomenon 
is illustrated in Figure 2.3.2.  The peak-to-peak amplitude decreases from microphone C 
to microphone D, more from D to E, and even more from E to F. 


















mic A mic B mic C mic D mic E mic F
Figure 2.3.2 Outboard arrangement condenser microphone voltage signals. 
 
 
The pressure distributions at various spanwise positions resulting from the wind 
tunnel facility experiments are presented in Figure 2.3.3.  The origin of the spanwise 
direction, y, is located at the knob end of the bat.  The figure depicts data collected along 
the 34-inch length of the bat at spanwise positions of 28, 31, 33.5, and 36 inches.  The 
first three positions—28, 31, and 33.5—are positions located above the bat.  The last 
position—36 inches—is located approximately 2 inches outboard of the end of the bat.  
The figure shows that the pressure field generated by the movement of air over the 
surface of the bat is similar in shape to those produced by swinging the bat through 
motionless air. 
   
 
21
The presence of negative pressure field values upstream of the leading edge of the 
bat brings about questions concerning the validity of the wind tunnel data.  To remove 
any doubt concerning the validity of the data, a final wind tunnel experiment is 
conducted.  The tunnel is run at an operational speed of 110 fps—the same speed as all 
other wind tunnel experiments.  Without the presence of the bat, pressure field 
information is once again collected.  The pressure coefficient data is averaged over the 
streamwise testing range, and a pressure coefficient (Cp) value of approximately 27.0−  
is found.  In an ideal situation, the Cp value without the presence of the bat should be 
zero.  The presence of a negative Cp value with the absence of the bat indicates that a Cp 
value of 27.0  should be added to each pressure field measurement.  The need for the 
adjustment of pressure field measurements will become more apparent as the discussion 
of the theoretical models take shape in the next chapter. 
 















y=28 inches y=31 inches y=33.5 inches y=36 inches
Figure 2.3.3 Wind tunnel facility pressure distributions. 
 
 
2.4 Experimental Uncertainty 
 Possible experimental uncertainties stem from computer sampling delays in the 
processing of information, swing angularity relative to the laser beams, transducer 
calibration error, flow disruption within the wind tunnel, flow angularity due to the 
positioning of the pitot-static probe, estimation of the streamwise location of dynamic 
pressure data collection within the wind tunnel, and the accuracy or lack of accuracy of 
the pressure transducers used in the wind tunnel experiment.  Attempts to address and 
reduce all experimental uncertainties were made.  The uncertainty due to the flow 
angularity is minimal as compared to the other uncertainties; therefore, it is neglected.  
The transducer calibration error uncertainty is also neglected due to its relatively small 
contribution to the overall uncertainty in the pressure measurements.  The uncertainty in 
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the wind tunnel dynamic pressure measurements is calculated to be %46.1 ; while the 
uncertainty in the streamwise positioning of the pitot-static probe is approximately %0.3 .  
The swing speed measurements are accurate to within %4.2 .  The general uncertainty 
analysis of the experimental measurements of the swing/hit and wind tunnel facilities is 










Potential flow theory as presented by Anderson5 is utilized to better understand 
the condenser microphone data signal and to determine the fundamental relations 
applicable to the subsequent flow field produced by a moving bat.  These relations are 
established under the assumptions of inviscid, incompressible flow and the postulation 
that the resultant disturbances are comparable to those produced by a circular cylinder 
when passing through a fluid.  The resulting theoretical flow pattern is a combination of 
elementary flows superimposed upon one another, much like that of the modeled flow 
over a semi-infinite body or a Rankine oval.  Two elementary flows—uniform flow and 
source flow—are utilized in the theoretical model of the flow field.   
 
3.1 Flow Over a Semi-Infinite Body 
A uniform stream with velocity ∞V is superimposed upon a source of strength Λ  
located at the origin of a polar coordinate system (Figure 3.1).  The stream function for 
the resulting flow is the sum of the stream functions corresponding to each of the 









The value of the stream function along any streamline remains constant throughout the 














∂−=     (3-3) 
 
The stagnation points in the flow are obtained by setting Eqns. (3-2) and (3-3) equal to 
zero and solving for r  and θ .  Only one stagnation point exists, located at 
( ) ( )ππθ ,V2,r ∞Λ= .  The stagnation point is labeled as point A in Figure 3.1.  The 
coordinates of the stagnation point are substituted into the stream function (3-1) to obtain 
a stagnation stream function value of 
2
Λ . Utilizing this result, the stream function relation 
along the stagnation streamline is rearranged to obtain the following relationship, which 




















Figure 3.1 Superposition of a uniform flow and a source flow. 
 
 
The magnitude of local velocity at any location along a streamline is the root-






















θ    (3-5) 
 
Bernoulli’s equation along with the streamline velocity distribution is utilized in the 
calculation of the pressure distribution. 
 
( )22gage VV2





















    (3-7) 
 
The resulting streamline shape and pressure distribution for the flow over a semi-infinite 




3.2 Flow Over a Rankine Oval 
 A uniform stream with velocity ∞V is superimposed upon a source and a sink of 
strengths Λ  and Λ− , respectively, located a distance b to the left and right of the origin 
of a polar coordinate system (Figure 3.2).  The stream function for the resulting flow is 
the sum the stream functions corresponding to each of the combined elementary flows: 
 
( )212sinrV θθπθψ −
Λ+= ∞     (3-8) 
 
The velocity field and stagnation points are determined in the manner presented in 
the previous section.  The velocity field is obtained by differentiating Eqn. (3-8).  Figure 
3.2 shows that 1θ  and 2θ  are function of r , θ , and b .  By setting the velocity field 
equations equal to zero, two stagnation points located at ( ) ( )ππθ ,Vbb,r 2 ∞Λ+−=  and 
( ) ( )0,Vbb,r 2 ∞Λ+= πθ  are found.  The stagnation points are labeled as points A and B 
in Figure 3.2.  The coordinates of the stagnation point are substituted into the stream 
function (3-8) to obtain a stagnation stream function value of zero. Utilizing this result, 
the stream function relation along the stagnation streamline is rearranged to obtain the 
















Figure 3.2 Superposition of a uniform flow and a source-sink pair. 
 
 
The magnitude of the local velocity at any position along a streamline is the root-
sum-square of local velocity components at the position of interest.  The pressure 
distribution along any streamline is once again determined using Eqn. (3-6) or (3-7).  The 
resulting streamline shape and pressure distribution for the flow over a Rankine oval are 
presented in Section 3.4.  The complete analysis is detailed in Appendix A. 
 
3.3 Flow Over a Baseball Bat 
A uniform stream with velocity ∞V is superimposed upon a source-sink pair of 
strengths Λ  and Λ⋅− λ , respectively, located a distance b  to the left and b⋅β  to the 
right of the origin of a polar coordinate system.  This is, effectively, a generalized 
Rankine oval with asymmetric singularity strengths and locations.  (The stagnation 
streamline does not form a closed surface if 1≠λ .)  The resulting stream function is the 












θψ Λ−Λ+= ∞     (3-10) 
 
The velocity field components and the value of the stream function along the 
stagnation streamline are determined in the manner presented in the two previous 
sections.  The stagnation stream function value is calculated to be ( )λ−Λ 1
2
.  The shape 
of the stagnation streamline is again determined by rearranging the stream function 
relationship along the stagnation streamline in order to define r  as a function of θ .  The 
magnitude of the local velocity at any position along a streamline is the root-sum-square 
of local velocity components at the position of interest.  The pressure distribution along 
any streamline is again calculated using Eqn. (3-6) or (3-7).  The resulting streamline 
shape and pressure distribution for the flow over a baseball bat are presented in Section 
3.4. 
The shape of the stagnation streamline is dependent upon the strength and 
position (relative to the origin) of the source-sink pair.  The variables in the stagnation 
streamline shaping process include Λ , b , λ , and β .  The strength and relative position 
of the source are defined by variables Λ  and b , respectively.  The terms λ  and β  are 
scale factors that correspond to the strength and relative position of the sink. 
Formation of the stagnation streamline is accomplished by two separate but 
similar methods.  The first and most primitive method involves shaping the stagnation 
streamline to most closely match the flow pattern generated by a circular cylinder, and 




signal produced in the swing/hit facility.  The second method also requires matching the 
theoretical and experimental pressure distributions; it entails generating the appropriate 
values for the strength of the source-sink pair using a computer. 
 
3.3.1 Eyeball Shaping of Stagnation Streamline—The First Method 
 Both the stagnation streamline and pressure distribution matching are achieved by 
varying Λ , b , λ , and β  until the stagnation streamline and pressure distribution most 
closely resemble those of a circular cylinder.  The stagnation streamline is matched to the 
flow pattern generated by a circular cylinder as presented by Van Dyke6 (Figure 3.3).  
The pressure distribution for the flow is matched to the condenser microphone voltage 
signal produced by the motion of a baseball bat through motionless air.  The complete 
analysis is presented in Appendix B. 
 





3.3.2 Computer Shaping of Stagnation Streamline—The Second Method 
The genfit function within Mathcad is utilized to match the theoretical pressure 
distribution to that of the wind tunnel and swing facility experiments.  The genfit function 
calls for inputs including the data to be fit, the function with which to fit the data, the 
derivative of the function with respect to the unknown parameters, and initial guess 
values for the unknown parameters.  To simplify the problem and reduce the number of 
unknowns, the values of b  and β  determined using the eyeball shaping method were 
assumed accurate enough for use in the computer shaping method, leaving two unknown 
parameters— Λ  and λ .  Shifting the wind tunnel data by a Cp value of 27.0  due to the 
presence of a negative Cp value with the absence of the bat is necessary in order for the 
genfit function to find an acceptable solution.  The complete analysis is presented in 
Appendix C. 
 
3.4 Theoretical Results 
 The previous three sections detail the theoretical methods used to determine the 
flow properties associated with the motion of a baseball bat through motionless air.  The 
results of the theoretical procedures are presented below. 
 Figures 3.4.1 and 3.4.2 illustrate the shape of the stagnation streamlines and the 
pressure distributions for the bat model using the eyeball method, the flow over a semi-
infinite body, and the flow over a Rankine oval.  The pressure distributions are 
determined at a position two inches above the surface, along the span of the bat where the 




distribution are formed using values of 2sft76 , ft036.0 , 63.0 , and 0.1  for Λ , b , λ , 
and β , respectively.  The source is 40 percent stronger than the sink.  The same values 
for Λ  and b  are utilized to form the streamline shape and pressure field for the flow over 
semi-infinite body and a Rankine oval.  Figures 3.4.1 and 3.4.2 show that the bat model, 






















bat model semi-infinite body Rankine oval bat shape




























bat model semi-infinite body Rankine oval
 
Figure 3.4.2 Theoretical pressure distributions. 
 
 
 Figures 3.4.3 and 3.4.4 depict the differences encountered when using the 
computer generation method rather than the eyeball method.  The computer generation 
method is used to determine the pressure distribution at a spanwise position identical to 
that used in the eyeball method.  The computer generation method utilizes the same 
values for b  and β , but the values of Λ  and λ  are 2sft563.50  and 310762.5 −× .  The 
sink used in the computer generation method is much weaker (over 99 percent) than the 
source.  The peak-to-peak amplitude of the eyeball method pressure distribution is 
approximately 40 percent larger than the amplitude of the computer generation method 
pressure distribution, and the elapsed time between the maximum and minimum is 
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DISCUSSION OF RESULTS 
 
 
 The representative figures of Chapters II and III provide insight into the 
utilization of passive measurement techniques for the evaluation of athletic performance.  
The experimental (Chapter II) and theoretical (Chapter III) results are compared below. 
 Figure 4.1 depicts the similarities and differences in the theoretical and 
experimental results for the determination of the pressure distribution.  The theoretical 
models pictured below were generated using the eyeball and computer generation 
methods discussed in the preceding chapter.  Since the computer generation model was 
generated using the genfit function and the experimental data from the wind tunnel 
facility, it is no surprise that the genfit model and the wind tunnel data closely compare to 
one another; however, the swing/hit facility signal and the eyeball model do not compare 
as closely. 
 Underlying causes of the discrepancies in the results of the experimental and 
theoretical data include a fundamental difference in the collection and generation of data 
and the simplicity of the theoretical model.  The apparent fundamental difference in the 
experimental procedures utilized in the collection of data in the wind tunnel and swing/hit 
facilities is due to the complex nature of the flow field produced by the motion of the bat 




field produced by the motion of the bat through stagnant air is in fact unsteady as viewed 
by an outside observer and an observer moving with the bat—flow properties change 
with time; however, the flow field generated by the movement of air over the surface of 
the bat in the wind tunnel facility is steady—flow properties do not change with time.  
The simplicity of the potential flow analysis also fails to account for the contributions of 
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Figure 4.1 Comparison of theoretical and experimental results. 
 
Although the curves of Figure 4.1 do not fall directly upon one another, the results 
of the theoretical and experimental methods are qualitatively similar.  This nature of the 
results establishes that the same phenomenon is being observed in all cases.  The 
qualitative similarity of the results provides a basis for the initial assumption that the 




The horizontal spatial distance between the maxima and minima of each curve in 
Figure 4.1 is of keen interest.  Figure 4.2 illustrates the results of a study performed to 
determine this distance.  The spatial distance is approximately the same for speeds 
ranging from 50 mph to 100 mph, suggesting that the swing speed of the bat is in fact 
primarily indicated by the time elapsed between the maxima and minima of the pressure 
distribution generated by the motion of the bat through stagnant air. 






























The present study is designed to provide insight into the utilization of accurate, 
passive measurements of baseball swing speeds, which are aimed to assist in product 
development and certification and the evaluation of player performance.  The foundation 
for the development of theoretical and experimental techniques needed to quantify the 
microphone signal has been laid.  Re-emphasizing a couple of points in the previous 
chapter, first, the qualitative similarity of the results from the theoretical analysis and the 
two experimental facilities provides a basis for the initial assumption that the 
microphones are indeed experiencing the potential flow field generated by the bat; 
furthermore, the approximate constant horizontal spatial distance between the maxima 
and minima of the theoretical pressure results indicate that the swing speed corresponding 
to the microphone signal produced by the motion of the bat is primarily indicated by the 
time elapsed between the maxima and minima of the signal. 
The present technology is indeed not exact; discrepancies do exist.  The 
elimination of the discrepancies in the results of the experimental and theoretical methods 
is dependent upon the future use of a more complex theoretical model that accounts for 
the unsteadiness of the flow field, which, in turn, will lead to a better understanding of 
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The following sections contain a series of general uncertainty analyses for the 
swing/hit facility swing speed measurements, the wind tunnel facility pressure 
measurements and the streamwise position of the wind tunnel facility measurements. 
 
D.1 Swing/Hit Facility Swing Speed Measurement 
 A general uncertainty analysis is performed on the bat swing speed measurements 
of the swing/hit facility.  The swing speed measurement is calculated using a known 
distance between the laser beams ( d ) and a measured number of samples ( samp ) taken 
at a specific sampling rate ( smprte ) set in the data acquisition program.  The governing 
equation for the general uncertainty analysis is 
 
samp
smprtedspeed ⋅=      (D-1) 
 
The corresponding propagation equation for the general uncertainty analysis in the swing 









































  (D-2) 
 
The uncertainty in the distance is due to a systematic uncertainty in the actual measured 




relative to the laser beams.  The overall uncertainty in the distance is root-sum-square of 




  Nominal distance   in2d =  
  Measurement uncertainty  in03.0Bd =  
  Percent uncertainty   %5.1
d
Bd =  
 Random Uncertainty: 
  Maximum deviation angle  o10=α  
  α  uncertainty    ( ) in03.0dcos
dPd =−= α
 
  Percent uncertainty   %5.1
d
Pd =  




















The time measurement is calculating using the number of samples and the sampling rate. 
  
 Sampling rate     Hz20000smprte =  




 Percent uncertainty in smprte   %03.0
smprte
Usmprte =  
 Percent uncertainty in samp    %0.1
samp
Usamp =  
 
The overall uncertainty in the swing/hit facility swing speed measurements is calculated 




Uspeed =  
 
D.2 Wind Tunnel Facility Pressure Measurements 
 A general uncertainty analysis is performed on the wind tunnel facility pressure 
measurements.  The pressure coefficient ( pC ) is determined using the dynamic pressure 
from the wind tunnel ( WTq ) and the dynamic pressure from the pitot-static probe ( probeq ).  






1C −=        (D-3) 
 
The corresponding propagation equation for the general uncertainty analysis in the wind 

















































































The uncertainty in the pressure measurements is due solely to the accuracy or lack of 
accuracy of the pressure transducers used in the gathering of data.  The accuracy of the 
wind tunnel transducer is %5.0 , and the accuracy of the other transducer is %25.0 .  
Nominal values for WTq  and probeq  are estimated based on the average value for each 
over the entire testing process.  The nominal values for WTq  and probeq  are estimated to 
be psi113.0  and psi085.0 .  The general uncertainty analysis gives an overall uncertainty 
in the pressure coefficient measurements of  
 




Cp =  
 
D.3 Wind Tunnel Facility Position Measurements 
 A general uncertainty analysis is performed on the streamwise position estimates 
within the wind tunnel facility.  The uncertainty in the streamwise position estimations 
stem from the inability to accurately measure the initial position of the pitot-static probe 
and the distance between the stagnation and static ports of the probe.  The uncertainty in 
measurement of the initial position is %3.0 , and the uncertainty due to the distance 




the elemental uncertainties discussed above, the overall uncertainty in the streamwise 



























E.1 Focusable Red Laser Diode Modules 
 The Calpac Lasers Model CP-TIM-206-3D-650 focusable red laser diode 
modules have an output wavelength of nm670 , a divergence of less than mrad2 , and an 
operating voltage of VDC3 . 
 
E.2 Semiconductor-based Photo detectors 
The Motorola MRD360 photodarlington is a unit with a minimum sensitivity of 
2cmmW
mA24 , a typical rise time of 15 microseconds, and a typical fall time of 65 
microseconds.  The receiving lens diameter of the photo detectors is mm7.3 .  The wiring 







E.3 Electret Condenser Microphones 
 The Horn Industrial Model EM9765P-422 electret condenser microphones 
measure ∅ mm5.6mm7.9 × .  The microphones have a sensitivity of dB2dB42 ±−  and an 
operating voltage standard of VDC5.4 .  The wiring diagram is shown below. 
 
 
 
